The behavior of L-Shaped RC (reinforced concrete) shear walls was investigated in the Erciyes University Earthquake Investigation Laboratory under the influence of constant axial load together with reversed cyclic lateral load. The objective of this study was to evaluate the effects of cross sectional dimensions on the behavior of L-shaped structural members and to assess their earthquake performance. In order to investigate L-shaped RC structural members, the special experiment setup and four type of 1/2 scaled specimens which have different aspect ratio were constructed. The specimens were loaded in line with the major principal axes direction laterally. Axial load ratio was 0.1 and cross section height to thickness ratios were 3:1, 5:1, 8:1, 10:1. Cross section thickness was 120 mm which corresponds to (360:120), (600:120), (960:120), (1,200:120) wall legs cross sectional dimensions in mm. The specimens height was 1,500 mm, together with upper and lower slabs overall height was 2,000 mm. Concrete compression strength was 30 N/mm 2 , steel yield stress 420 N/mm 2 and vertical reinforcement ratio was 1% for all specimens. According to the test results, the specimen of which the aspect ratio is 3 (360:120) has shown column behavior, the specimen of which the aspect ratio is 5 (600:120) has shown slender wall behavior and last two specimens of which the aspect ratios are 8 (960:120) and 10 (1,200:120) have shown squat wall behavior. When considering the cracking patterns and hysteretic behavior, since the aspect ratio 8, the specimens show flexure-shear interaction behavior and prone to brittle failure.
Introduction
Shear walls are frequently used to resist lateral forces. Because of their high strength and stiffness, they can effectively reduce lateral displacements and limit damages of structural and non structural elements. Although planar walls commonly are used and can prevent buildings from collapse, sometimes it is necessary to use more efficient lateral load resisting systems to provide required performance level. As the tools for conducting nonlinear response history have improved with the advent of performance based seismic design, reinforced concrete walls and core walls are often employed as the only lateral force resisting system [1] .
Because of the architectural, lateral stiffness necessities, to maximize the window space, designers may prefer non planar shear walls. L-shaped shear walls are formed by combining two orthogonal planar shear walls and have two directional strength and stiffness. Considering the response of these wall components along each of the principle plan direction separately is not reasonable. Combining the planar walls leads to unsymmetric bending and complicated interaction between wall parts. Responses of non planar walls with at least one cross sectional principal axes that is not a symmetry axis are typically governed by unsymmetric bending and would be influenced by inelastic biaxial interactions more significantly than those of planar walls [2] . Stiffness, strength and ductility of shear walls with asymmetric cross section can be completely different and can exhibit different failure mode in opposite directions [3] . 
Numerical Studies in Literature
The strength and deformational behavior of L-shaped tied columns have been studied by Hsu [4] under combined biaxial bending and axial compression experimentally and analytically. Dündar [5] has been proposed an approach to the ultimate strength calculation and the dimensioning of arbitrarily shaped RC (reinforced concrete) sections subject to combined biaxial bending and axial compression. Rodriguez [6] offered a general formulation by which the biaxial interaction diagrams of an arbitrary reinforced concrete cross sections. The proposed method uses nonlinear stress-strain relationship for the concrete and multi-linear elastoplastic one for the reinforcement. So it can be utilized to study the effects of creep and confinement of the concrete and strain hardening of the steel by modifying the input parameters. Khairallah [7] presented numerical model for the prediction of three dimensional characteristics of reinforced concrete L-shaped shear wall structures. Orakçal [8] investigated modeling approaches for reliable prediction of reinforced concrete wall response. They proposed multiple vertical line element macro model.
Experimental Studies in Literature
Nakachi [9] investigated deformation capacity of multistory reinforced concrete core walls after flexural yielding. Four core walls were constructed and tested. Test parameters were the concrete confinement at the corner, the amount of confining steel at the corner and the area of concrete confinement. They have found that confining reinforcement at the corner had significant effect on deformation capacity.
Hosaka [10] investigated structural performance of L-shaped shear walls experimentally and analytically by using fiber model. They produced 1/6 scaled four specimens. Lateral load was applied under varied axial loads. Parameters were concrete strength and rebar arrangement. Due to the test results, flexural deformations at the section about 1L (L is the height which is equal to the wall length) from the bottom were dominant.
Inada [11] constructed three L-shaped core wall with 1/4.5 scale. They studied the effect of loading direction and the section configuration on the seismic behavior of the core wall. The wall that was loaded in the arm direction failed due to crushing of boundary zone in compression. Other unequal leg wall's damage was more effective in the short leg. Strain distribution was not linear in the section. The hypothesis of plane sections remaining plane was not valid. They recommended increasing the confinement area at the corner of the section.
Karamlou [12] tested 1/2 scaled, four L-shaped shear walls which were built with industrialized reinforced insulating concrete form panels. They investigated the behavior of L-shaped shear wall constructed with this system. The specimens had the same geometrical dimensions but differed in their confining boundary rebars. Dimensions of the specimens were 1,500 mm high, 750 mm wide and 100 mm thick. They have found that web crushing reduces the stiffness, strength and ductility, on the other hand, increases the rotation of shear walls, higher flexural strength of the walls in one direction against the other, increases the possibility of web crushing.
Li [13] tested L-shaped cross section shear walls of which the height-thickness ratio is between 5-8. They constructed six specimens and loaded in the web plane.
Axial load ratio was in the range of 0.1~0.4 . They have found that the specimen, of which the axial load ratio is 0.1 and height-thickness ratio is 6.5, has the most excellent ductility and energy dissipation capacity.
Experimental Study
Four different cross section dimensioned, 1/2 scaled reinforced concrete specimens were constructed and tested.
The compressive strength of concrete was 30 N/mm 2 , steel yield stress was 420 N/mm 2 , the cross section thickness of all specimens were 120 mm, and the height of all specimens was 1,500 mm. Additionally, 200 mm thick upper slab was constructed for vertical load, 300 mm thick lower slab was constructed for foundation. Initially, 0.1A c f c axial load was applied at centroid and kept constant during test. After the vertical load reaching the required level, the cyclic lateral load was applied at the major principal axes direction for all specimens:
 A c = cross sectional concrete area;  f c = concrete compression strength on the test day. Specimens design parameters are given in Table 1 and cross section size and reinforcement are shown in Fig. 1 .
Specimens Construction
Specimens were constructed by on-site casting with wood formwork in the Erciyes University Earthquake Investigation Laboratory. 10 mm diameter vertical reinforcement with 0.01 volumetric ratio and 8 mm diameter horizontal reinforcement with 0.0072 volumetric ratio were used in the specimens. Reinforcement yield stress was 420 MPa. 
Test Setup
The reaction frame was constructed by using steel profiles. The frame is hinged at the lower end and can move together with the specimens upper slab. The finished steel plate was placed at the vertical load applied joint on the upper slab. The special end element was produced for the vertical hydraulic jacks junction point with the steel plate. While the lateral loading, tension force was transmitted to the other side of the specimens through two steel rods.
The vertical load was applied at the cross section centroid by a 1,000 kN hydraulic jack that was mounted on top girder of the reaction frame. To create biaxial bending effect, lateral load was applied in line with major principle axes direction of the specimens. To apply the lateral load, another 1,000 kN hydraulic jack was connected between top slab of the specimens and the reaction wall horizontally. By placing a hinge between hydraulic jack and the top slab bending moment, the displacements were released.
Measuring Instruments
In the experiment, load cells, strain gauges, LVDTs (linear variable displacement transducers), potentiometer, dial gauges were used as a measuring devices. Applied vertical and horizontal loads were measured by load cells during the test. Horizontal and vertical displacements were measured by LVDTs, potentiometer, dial gauges. Additionally, some strain gauges were mounted on boundary reinforcement to monitor the yielding and strain process.
Loading Protocol
In the experiments, the axial load upper limit was adopted as 500 kN for safety reasons. Therefore, the largest specimens axial load was taken as 500 kN. At first, the entire vertical load was divided in 8 to10 times and applied gradually. Deal gauges values were read and recorded at each step. After reaching the full axial load, horizontal load began to apply. When calculating the cyclic load increment for each specimen, it was considered to reach their lateral load capacity in 10 steps. Concrete crushing or reinforcement buckling was considered to ultimate load capacity.
Corresponding lateral load increment for each specimens are as follows:
 L120x360 5kN;  L120x600 10kN;  L120x960 20kN;  L120x1200 30kN.
Experimental Results
In this section, experimental results including cracking pattern, hysteretic behavior, ductility factor of each specimen are presented.
Cracking Patterns
For the specimen L120x360, under the cyclic loading, only horizontal bending crack was formed and 
Conclusions

